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Nonreplicating Viral Vectors as Potential Vaccines: Recombinant Canarypox Virus 
Expressing Measles Virus Fusion (F) and Hemagglutinin (HA) Glycoproteins 
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The development of canarypox virus (CPV) recombinants expressing the hemagglutinin (HA) and fusion (F) glycopro- 
teins of measles virus (MV) is described. Inoculation of the CPV-M V recombinants into avian or nonavian tissue culture 
substrates led to the expression of authentic MVF and MVHA as determined by radioimmunoprecipitation and surface 
immunofluorescence; In contrast to avian-derived tissue culture, no productive replication of the CPV recombinant was 
evident in tissue culture cells derived from nonavian origin. On inoculation of dogs, a species restricted for avipoxvirus 
replication, the recombinants elicited a protective immune response against a lethal canine distemper virus (CDV) 
challenge. The level of MV neutralizing antibodies and the level of protection induced against CDV challenge achieved 
by the host-restricted CPV vector were equivalent to that obtained by vaccinia virus vectors expressing the same MV 

antigens. © 1992 Academic Press, Inc. 



Vaccinia virus is widely used to express antigens 
from heterologous pathogens providing potential re- 
combinant vaccines for both veterinary and human ap- 
plications (for recent reviews see (7, 2)). In contrast to 
vaccinia virus/ which has a very broad vertebrate host 
range, other members of the family are restricted for 
replication to specific hosts. For example, the 
members of the Avipox genus are naturally restricted 
for productive replication to avian species (3, 4). Two 
members of the Avipox genus, fowlpbx virus (FPV) and 
canarypox virus (CPV), have recently been engineered 
to express foreign genes (5-14). Successful FPV- 
based recombinant vaccine candidates have been de- 
scribed for avian influenza (5) and Newcastle disease 
virus (8, 9, 1 1, 12) infections. Although productive repli- 
cation of avipoxviruses is naturally restricted to avian 
species, it has been demonstrated that recombinant 
avipoxviruses inoculated into cells of nonavian origin 
authentically express foreign genes in the absence of 
apparent productive viral replication (6, 13, 74). Inocula- 
tion of an avipox rabies recombinant into a number of 
species including laboratory rodents, swine, cattle, 
and horses (6) resulted in the induction of rabiesvirus 
neutralizing antibody. Most importantly, as demon- 
strated by experiments in mice, cats, and dogs, the 
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level of immunity induced was protective against lethal 
rabies virus challenge (6, 14). In these initial challenge 
experiments, the 50% protective dose (PD 50 ) of the re- 
combinant FPV was significantly higher than the -pro- 
tective dose obtained with a replication-competent 
vaccinia virus recombinant expressing the same rabies 
glycoprotein (14). Manipulation of other members of 
the Avipoxvirus genus, particularly CPV, resulted in re- 
combinant vectors that also induced neutralizing anti- 
bodies to rabies virus and provided protective immu- 
nity against rabies virus challenge in mice, cats, and 
dogs (14). Significantly, however, the PD 50 of the CPV/ 
rabies recombinant was approximately 1 00-fold lower 
than that of the FPV recombinant and not significantly 
different from the PD 50 value obtained with a replica- 
tion-competent vaccinia rabies recombinant (14). In 
■order to determine whether the initial promising result 
obtained with the CPV/rabies recombinant was pecu- 
liar to the rabies glycoprotein immunogen, CPV recom- 
binants expressing extrinsic immunogens from other 
pathogens were constructed. 

Measles virus (MV) and canine distemper virus 
(CDV) are members of the Morbillivirus genus of the 
family Paramyxoviridae (75). MV causes an acute in- 
fectious febrile disease characterized by a generalized 
macropapular eruption (16). Canine distemper is a 
highly infectious febrile disease of dogs and other car- 
nivores with a mortality rate ranging between 30 and 
80%. Dogs surviving CDV infection often have perma- 
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n6 !!V C ™ tra i nervous system damage (17) Both MV 
and CDV infections are currently contro led by live at- 
enuated vaccines (17, 18). The proteins of CDV and 
MV are structurally similar and share a close seroS 
cal . relationship (W-21). m fact, vaccination with MV 
ete protection against CDV challenge in do? (22 

2 e cTs S MVn° P ,t M r HA by 8 ^ virus ^ 
also elicits MV neutralizing antibodies and induces a 

cTaS^r h *» 

This report describes CPV recombinants expressing 
MV hemagglutinin (HA) and fusion (F) glycoproteins 

and protection against live challenge with the related 

that of ° f CP recombi ™ts is compared with 

that of replication-competent vaccinia virus recomb" 

w^i** e *t>™*"9 MV glycoproteins 

nnl h ? ^ US,ng a strate 9V similar to that previ- 
ously descnbed for FPV (5 ppv rr^i 1m 

virus (*). The strategy £2^£&SZ 

SvFan MVHA d , in ^ ,Aand 1B ^ertJof he 
MVI- and MVHA sequences individually led to the de 

SvCP nf° mbinantS CP -MVF(vCP40^ 
MVHA vCP50), respectively. To create a single CPV 
recombmant expressing both MVHA and F vCP40 ' 
aZT 6 t 33 1 reCipient Virus for j "sert on of the HA 

mono-specific sera directed against eSe HA or 

witn the HA recombinant (CP-MVHA) /Fin ?a 

SSpffS / USI °, n P°^Ptide from lysatesof 

nanTcP MVF?nl f '"J ^ the MVF CPV ™ombi- 
nant ^P-MVF (lane c) and the MVHA+F double remm 

bmant CP-MVHA+F (lane e). The apparent motecu^ 

23 kDa are consistent with the precursor F n and the 
cleavage products, F, and F 2 . No MVHA-specific orod 

«?„ \ I "J Da P*"*"'* *seived in CEF cells 
tfl T S 9 MVHA ™«n"*»nt CP-MWA Fig 
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!S5^^ indicated that b0,h MV 

MRC-5 cells (data not presented) 
ritC ?J 7°?? featUre of ™rbfllivirii8 cytopathogeni- 
tentia £ S" lty /° form This fusogen^ po - 

tentel has been f unctionally assigned, by analogy with 
other paramyxoviruses, to the amino terminus ohhe 
mSSZ^! h8S been ^monstrated t at 
S?SSSf W8d 3t 3 W9h mu ltip,icit y with an ^enovi- 

infecTed 8 *T ino MVF ^ or inse « c* 

^fected with a recombinant baculovirus expressing 
MVF produced cell fusion at pH 5.8 (29) indicatSS 
In?™ J**™ expression of the us'Crote n 

yiy^uproiems HA and F was required for 
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cell fusing activity when expressed by a vaccinia virus 
vector (24, 30). In order to determine that the MVF gly- 
coprotein expressed by CPV was functionally active, 
cell fusion assays were performed. Vera cell (monkey 



kidney cells) monolayers, in which the CPV recombi- 
nant does not productively replicate, were infected 
with 1 PFU per cell of parental or recombinant CPV and 
examined for cytopathic effects at 1 8 hr postinfection. 
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sismsiB 



ciS^jS^SESSr^2£ °l F pr9tein ,rom ' cp - MV * and 

f°™dasdes rir ^ WaS per - 

a MVF peptide 124 Pffl i i- " 9 ^ blt an,,serUf " directed against 

CP-MVF; lane d, CEF celis in,e«edwit h ' SC£S? S 

cells infected wth CP-MVHA+F Tho Q „ u ^ lvriA ' ,ane e » CEF 

c indicate the 60- 44- ^^n™^ 68 * t0 ^ ° f ,ane 
anHP /mu ° u • ^ • an a 23-kDa peptides consistent with F rt F 

formedasdescri^!n/Mf S ' lmmun °P r ecipitation was per- 

XoJ • * . ' ce " s Infect ed with CP-MVHA' lanp * pff 
cells infected with CP-m\/waj_c k j ■ . ,v, vnM, iane e, utF 



NQ cell fusing activity was evident in Vero cells inocu- 

S^ W ta Pa 55 a ' (Rg - 3B) ' CP -MVF(Fig. 3C CP - 
(F| 9- 3 °) viruses. However, when Vero calk 

MVF SrHAltr-r A+F « both 
ivivr- ana MVHA measles glycoproteins (Fia 3F) nr 

w Sen, r T 9 - 3E) ' efficient celi fusin 9 activ- 

(24 m. with published re P° rts 

Previous studies had indicated that a vaccinia vim* 
vector expressing eitherthe MVHA ort^SKSJ 
could protect d0 g S against a lethal challenge with CDV 
m It was of .merest to know whether hosVrestricted 

ducVa P orS the MV 9lyCOproteins ^ n 
specific ^""r reSponse - Tervweek-old 
specie pathogen-free beagle dogs were inoculated 



MiuA Pare S CPV or ^ombinant CP-MVF CP 
MVHA or CP-MVHA+F viruses as described in TaSe 
1. For comparison, one dog was inoculated in Z 
same regimen with each of the single vacdiKcoU? 
nant viruses, W-MVF or W-Mvha 1 . mbl ~ 
both W-MVHA and W-mVf vZiZ^VI 

Ie a S otn are t Sh ° Wn in Tables 1 ' 2 ' a "d 3 No advene 
reactions ,o vaccination were noticed in any of th e 
dogs during the course of the experiment The two 
dogs immunized with parental CPV andThelo nont 
munized con ™ dogs showed severe disease aZ' 

etLTbod!! 0 " d ° 9S b6Came depress " ^ s owed 
elevated body temperature, weight loss, lymphopenia 

S3 IT* dehydration - disease state ^progressed 
and euthanasia was warranted (Tables 2 3) Doqs im 
munized with CDV-Rockborn developed neutX no" 

- a ^ t d Mw a9ainSt CDV (reSults not Bhc^SSuS 

lethal CDV T» * Ch8 " en9e mie 1 > ^ 

tethal CDV challenge, symptom free (Tables 2 3) 

Dogs .mmunized with MV developed neutralizing anti 
bodies to MV (Table 1) but not to CDV pi™ S 

Sn* ^7TK ,eng ? with mild s * ns " 

wjn the CPV recombinant, CP-MVF, nor the doq (9/9) 
M?/ the VaCCinia F re ^^inant, W-MVF S . • 

S^E^ TL body after ^ inocula ^ 

borti?. h J has Prevrously been shown that fusion anti- 

£ U t oL^ neUtra ' iZing aC,ivi,y in in >*» testsr ■ 
(^ although Malvoisin and Wild (1990) (32) have r* - 

cen y shown that anti-F monoclonal em bodies w^h 

neutralizing activity can be isolated. Despite the at. 

sence of detectable MV (Table 1) or CDV (not shown) 

CDV, although w,th signs of disease (Tables 2 3) 
Dogs inoculated with CP-MVHA, CP-MVHA+F W- ■ 
MVHA, orcoinoculated with W-MVF and W-MVHA 
developed significant MV neutralizing antibody aftef a ■ 
sing e inoculation, and the titer was boos ed onS 
culat, 0 n w.th the CPV recombinants (Table 1) No CDV 
neutrahzing antibodies were detected in any of these 
dogs (data not shown). Nevertheless, these dogs su r 

These results demonstrate the protection of doas 

MW aSZ t COmb,nants expressing the MVHA and 

ngs wi h vaccinia virus vectors (24). In addition the 
result indicate that the host-restricted nonrepHcat ng 
CPV vectors expressing the MV glycoproteins elicit MV 

bv vacSr 11 ^ titerS eqUiva,ent t0 tnose '-nduced 
pL-S ^ S V6Ct0rs ex P re ssing the same MV gly- 

sEaTh^' 8 Pr ° VideS an0ther observation demon y 
stratmg that immune responses andprotection against 
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CP-MVHA (E), or CP-MVHA+F (F) ^eZ^^nZrl I S CP parental v,rus (B), CP-MVF (C), CP-MVHA (D). CP-MVF and 
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TABLE 1 

Measles V,rus Neutrals Ant.body Induced ,n Dogs Inoculated wrrn Poxv,rus Recombinant, 
Express,ng Measles Fus.cn and/or Hemagglut,n,n GlSqTns REC0MB,NANTS 



Immunogen 



Days postvaccination 



Dog no. 



cpv 

CP-MVHA 

CP-MVF 

CP-MVHA + F 

W-MVF 

W-MVHA 

WMVF + W-MVHA 

MV 

Control 



CDV-Ro 



9/1 

9/2 

9/3 

9/4 

9/5 

9/6 

9/7 

9/8 

9/9 

9/10 

9/1 1 

9/12 

9/13 

9/14 

9/15 



n* 

u 


7 


14 


<1.0 


<1.0 


<1.0 


<1.0 


<1.0 


<1.0 


<1.0 


2.7 rf 


2.9 


<1.0 


1.7 


2.7 


<1.0 


<1.0 


- <1.0 


<1.0 


<1.0 


<1.0 


<1.0 


2.0 


2.7 


<1.0 


1.0 


2.2 


<1.0 


<1.0 


<1.0 


<1.0 


2.9 


2.5 


<1.0 . 


1.3 


2.9 



.21* 



<1.0 
<1.0 
3.2 
27 
<1.0 
<1.0 
2.5 
2.0 
1.0 
3.2 
2.9 
<1.0 



<1.0 



28 


OD 


<1.0 


<1.0 


I .u 


<1.0 


4.4. 


4.1 


,3.9 


3.9 


<1.0 


<1.0 


<1.0 


<1.0 


3.9 


3.6 


3.6 


3.4 


1.0 


1.0 


3.4 


3.4 


2.9 


2.9 


2.5 


2.5 




<1.0 




<1.0 


<1.0 


<1.0 



MScted „ te „, the ^ toS^S'S^ e ,8me! *: B " e "~»* «ny ««. Blood sawte ,«„ 



W-MVHAandW-MVFvim 8 es(^Onecon o Z3^d^ 
o MVimramuscu,^ 

chalenge w,th vrulent CDV. Two dogs remained uninoculate^ 
> weekly mtervals until the time of challenge and on days SchateJaeTdoc) 7 ^ T* C °" eCted be,0re vaccina,ion an < ats 
described jn (34). y5> P° s,cnal| enge (dpc) 7, 1 2, and 2 1 . Serum neutralization titers were assessed as 

* Day of first immunization 
JSSolXSS 

' Serum neutralization titers assessed as descr ibrt ?im I n 60 the , viru ent Sn ^ Hill strain of CDV. . 
infective in a microliter assay. m ^ expreSsed as ,0 *<> ° f "* ^tibody dilution showing complete neutrafeation of 



a lethal virus challenge can be obtained using a host 
range-restricted CPV vector which are equivalent to 
the immune responses obtained with a replication- 
competent vaccinia virus vector expressing the same 
extnnsic immunogens (14, 24). 

The observations reported here and elsewhere raise 
a number of intriguing issues (6, 14). It is surprising to 
find that a host range-restricted avipoxvirus vector can 
induce titers of neutralizing antibody and protection 
against lethal virus challenge equivalent to antibody 
titers and protection obtained with a vaccinia virus vec- 
tor with a broad host range. The basis of this is 
currently unknown but contrasts with previous thinking 
that high level expression of the extrinsic immunogen 
and replication of the vector with concomitant amplifi- 
caton of the foreign antigenic mass were considered 
to be important features. It is clearthat productive repli- 



cation of the vector per se is apparently not essential 
tor the induction of protective immunity. Further not all 
nonrepiicating vectors work to the same degree since 
OPV-based vectors were shown to be approximately 
100 times more efficient than FPV-based vectors in 
inducing immunity to rabies (14). It is interesting to 
speculate that immunomodulating factors exist within 
the avipoxvirus vectors themselves. However the 
rapid early expression of the extrinsic immunogen pre- 
sentation of the extrinsic immunogen at high density 
on the plasma membrane of the infected cell, and the 
failure of the avipox vector to shut off host macromolec- 
ular synthesis or to complete its replication cycle may 
be .mportant. Under these conditions the immune re- 
sponse may be favorably skewed toward the extrinsic 
immunogen and away from competing antigens of the 
vector. 



Dog no. 



TABLE 2 

assggggss ^ 

Immunogen 4 



Days post-CDV-SH challenge 



9/1 

9/2 

9/3 
9/4 
9/5 

9/6 

9/7 

9/8 

9/9 

9/10 

9/11 

9/12 

9/13 

9/14 

9/15 



CP 
CP 

CP-MVHA 
CP-MVHA 
CP-MVF 

CP-MVF 

CP-MVHA + F 
CP-MVHA + F 
W-MVF 
W-MVHA 

W-MVF + W-MVHA 
MV 

Control 
Control 
CDV-Ro 



8 



10 



L.A 
T 

L, A, T 



L, A, T 
U A, T 



T 
T 



L.A.T 
U A, T 



L, A 

L, A 

T 
T 

L, A,C 
Dl 
L, A 
Dl, T 
T 
T 

L, H 



L, A,T 
UA 



SD.A 
T.C 

SD, A, T 



SD, A, C 
-Dl 



SD, Aj C 



SD, A, C 

SD,A 
Dl 



SD, A, C 
D, E 

SD, A, C 
D,E 



SD, A, C 



SD, A, C 
D.E 
SD, D 
Dl, E 



tons with recording of body temperature. L. Lethargic A arSSS I Tsn II ! a ™ mnS °' ,he d °9 s were ™<*™d by daily obs^a 
d.arrhea; improved; T, elevated body °" ^SS. 

empty spaces designate no climcal symptoms (no abnormality was noted). • 



TABLE 3 



J^BO^ATORyCqnfirmatION OF INFECTION OF IMMUNIZED DOGS Fm i nwng Pu«i . -..^j- 



with Canine Distemper Virus 



Virus 



Dog 



CP 
CP 

. CP-MVHA 
CP-MVHA 
"CP-MVF 
CP-MVF 
CP-MVHA + F 
CP-MVHA +F 
W-MVF 
W-MVHA 
W-MVF + WMVHA 
MV 
Naive 
Naive 
CDV-Ro 



Days post-CDV-SH c hallenge 
5 7 



10 



9/1 

9/2 

9/3 

9/4 

9/5 

9/6 

9/7 

9/8 

9/9 

9/10 

9/1.1 

9/12 

9/13 . 

9/14 

9/15 



0.1 a , v b 


Ly c .V 


Ly, v 


Ly.V 




Ly 


0.3 


Ly. V 


0.1 


Ly, V 




Ly 




V 


V 


Ly, V 


0.1 


0.1 


Ly 




Ly, V 


0.2 


Ly, V 


0.3, Ly 


Ly, V 



0.9, Ly, V 
0.9, Ly, V 
0.9, Ly, V 
0.6, Ly 

1.2. Ly.V 

1.3, V 
0.7 

0.4, Ly, V 
'1.5. Ly.V 
0.1 
0.7 
0.3 

1.2. Ly.V 
0.9, Ly, V 



1.4, Ly,V 
1.9. Ly, V 
0.2 

1.9, Ly 

1.3 

0.5 

0.5, Ly 
1-7, Ly. V 
0.3 
0.5 
0.4 

NT, Ly, V 
2.1, Ly 



?5S5S™ °" * VET "* *°* T ' - 

6 V, Challenge virus was isolated 
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The absence of apparent replication of the avipox 
vector would suggest a significant degree of safety 
since the vector should not be able to disseminate 
within the vaccinated individual or to nonvaccinated 
contacts or the general environment. It will be interest- 
ing to see whether such recombinants would be useful 
in the vaccination of young pups for the prevention of 
CDV infections and, more specifically, whether such 
recombinants would be useful for vaccinating infants 
at an early age against MV infection, thus addressing 
one of the major deficiencies of the currently available 
attenuated measles virus vaccine. 
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